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CASTINGS, STE.M

HOMOGENIZATION OF ST!EL CASTINGS

OBJECT

To siumnarize and correlate the existing data and information

available in the technical literature and in Watertown Arsenal re-

ports concerning the effects of homorenizing.; neat-treatments upon

steel castings which are to be used in the nuonchod-and-tempered

condition.

SUV@NAI Y OF RESULTS

1. A survey of the technical literature and Watertown Arsenal

reports indicates:

A. The effect, if any, of preliminary homonenizing treat-

ment upon the tensile properties of cuenched-and-tempered cast

steel is small. The increase in yield trength (for equivalent

reduction of area) which can be produced by homo",niIn, treat-

ment is definitely less than ten per cent. It there to anyIn

fluence upon Charpy tensile "impact" ener'y, it In lose than 4,

the random scatter of Charpy values found in tetinR steel a& t- '

inCe which have been quenched and temperedt

B. The Available data on the effect of hoamaentuane, ri -

.nent upon macroat ructure, before and afte, ermnahlng und tepr-
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ing, and upon microstructure after auenching and tempering, are

indecisive.

C. No effect of homogenizing treatment upon ballistic prop-

erties of cast armor or upon hardenability of cast steel has been

found. The information available on these points is meager, how-

ever.

D. The data are insufficient to permit inferences to be

drawn concerning the influence of homogenizing treatments upon

lustrous cavities, ballistic properties of armor-piercing projec-

tiles, local hardness, erosion, corrosion, weldability, or x-ray

diffraction pattern of quenched and tempered steel castings.

2. Calculations based upon known diffusion rates show:

A. Practical homogenizing heat-treatments can have no sig-

nificant effect upon large-scale chemical segregation, such as

that found between the center and the outside of an ingot or of

a centrifugal casting. This is confirmed by reports of chemical

analyses taken across sections of castings.

B. Interdendritic segregation of carbon will be largely

eliminated by either the usual heating for nuenching or a homo-

genizing treatment.

C. Interdendritic segregation of sulfur will probably not

be affected by homogenizing treatments.

D. Available data on diffusion rates are not sufficient to

determine whether or not interdendritic segregation of manganese,

silicon, phosphorus, and alloying elements will be appreciably



reiuce'i either bY '-eating for nuenching or by homogeni!!ing

treatments.
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INTRODUCT I ON

There is considerable interest at Watertown Arsenal in the ef-

fect of homogenizing heat-treatments upon the properties of cast 0

steel which is subsequently quenched and tempered. This arises

primarily from uncertainty as to the need for the prelimin-ary hor.o--

genizing treatment which has been customary for centrifugally cast 0

guns (see Appendix A). The effect of such treatments on the bal-

listic propoerties of cast armor is also currently under discission.

& hor:openi7ing heat-treatment may be defined az a preliminary 0

heat-treatment whose purpose is to increase the uniformity of the

material. !h'ile any teiu.erature abcve th' cri tical run"e may be

used foa- steel, the term is ordinarily r-stricttd to treatments at 0

1700'F or higher. In indl'strial heat-tre..-tting 1S50'F is generally

the mnxim.ux practical temperature, but at Watertown Arsenal treat-

ments up to 2200'F have been used. (See Aptperdix A..)

This report endeavors t. review work which has been repcrted

in the literature on the effects of homogenizing heat-treatr.ents

upon the physical properties (static tersile and Charpy), m,-acro-

.tructure (as s"own by hot acid etch), r,.icrootructure, segregation,

"lustrous cavities," ballistic properties, hardenability, hardness

in locil regions, resistance to erosion and corrcsicn, weldibility, 0

-Lnd x-ray diffraction rattern of ca~lt steel fter quenchirg and

tempering. Although all of these characteristics may be of scien-

tific interest, it should be relewbered that only physical proper-

ties anud rusistance to erosion have been correlated with service

reqinrements for guns, vhile only ballistic rr,-,.rties, and in cer--

tain caees weldability, have been correlated ,ith rervice reo uire--

ments for armor.
-1i-

U U U U 0 S S S S • S S • S • 0



In- the followin ; sections all ten:eratures river. irn d,grees

Centigrade b,7 the authors cited have bceen converted to Fahren-

heit, to facilitate corriarisons, and rounded off' to the nearest

100.

>xTA AY D!n-TSSIO:-

LhY.21c Frorerties

-i1thcul:h there have been numerous reports and& published dis-

cuissicns about homogenizin- heat-treatm..ents of cast steel, m.any

o-f' them 12345present no experinental data concerning-, the

phyrsical properties (whi"jc!h 7a- be considlered, of -~rim~e i..-portance),

while others !r'ive no e-xo einen t-al & ata of any sort. 6In some cases

the n.h-s cal -nro-n-erties were detcrnir-Aed on stcel which was not

troated oubsenuent to hom-oenization, so th-t th-.e results ob-

t -neire rot applicable to un or other castings rhjc r

A uencheda: ten7i.ere-1

stuC.iec o'f Froduction C_ -tings

"he first con'?,rehenci ye survey of the 'oh-sieal rro-nerties of

cantrifugal c.trsvac.al b-! Conrer and .1-.ve rt 11who reviewed

a-.'rrs i: .. tely 200 rcruction ca.,stinjs of v ~rigcoriositicn, hea-

tr'_t-ert, si7'e, m:eltinrg and, nouring, Tractice. (Jen1:qt laa were

inclacled in this survey.) These Lmthors concludled. th £ t- sliehtly S

b tter stAic tens ilpe .ro-,ertles (after senhn n erig

resul.t fromi the; use of _a 210C_-' m-or_.lize f r 5~ 2j 1hours tholn

are sban yhomlo(gnizi.': -A lower tener..,tures or for shorter

tires, ir. the canse of s~ydnmvz~im(.0~ tc 'ils of between

0.35 ~ ~ ~ ;. .d0 cxr;. etie arA to.::;',r,'turc fthenrml

j~rt,-e-at:;-e--.t ~~erto bE correl:1tesi cloiely vith, the late ofS

-2-



castinF7 and with melting and rourin 7 n ractice. In view of the un-

certain~ty in the conditions surrounding th'e -nrocessing of the cast-

inrgs, and the considerable scatter of the physical properties, it

may be questioned whethier the differences noted by Conner and Cal-

vert are significa~nt. They found no apparent difference in Charpy:

tensile'in-pact' values. Carter7'9'9 reported neither any differ-

ence in CharPy tensile vailues nor in static physicil -roerties bte-

tween sinlrcastirgs homo meni7ed for different times at 2100'F.

Lcrerimental Studies on Sigi eA Ctin

Othetr workers, in an effort to reduce the ramb,.r of variablel,

studied the effect of chainging- the homo-ni,7at ion trt -_Atert upon

set~r cut from a sing.le c ~n L~ Io :s -ot assure uniform

:nti ~~trilsir-oe it is well known th.t the compnrosition of

r :-iors within ain -*n,.go)t nay Oi~Ffer idely f,,fr cerntrifigal c.aIst-

fig ,l2h:±, shown' :sark-:d long i t'idinal v- ell .s transverse

On~e of th-e first investigators to re- ort beneficial effects

fror.i prelimin.-ry high tt-mTer.Ature tre.,a!trnohts i-w! Oolitti, who in

his book 1-presents only two sets of da)t-it in. which t. final

n-uenchin, .ind tem-nerirgc -re comparable. The e-c7Eriments were per-

for:.ed on seotions cuit from. %r. in,-ot contaiirinj, 0.)t,, 0 a'iA 2.02)?o

. o.og,-nized .A v rlous ten.eraitures, sl ovlyi cooled to !470~P

nuenc.md in. water and draxwnr %~t 107()'F for 2 ho-rs. Teresults

2000'F, 11 !hours e>oo 3

lq2.O'F, 9 i ours 1 (1, Goo 4

T3 0~F, 10 h o-r s
"T0~, l hours and r ,'O' 4

?C"OcF, 10 hours



nt
Th-e finial treatments enloyc :d by Giolitti were the sane for

the steel was not cooled thrrou: h the critical rarg-.e be-fore heating

for quench.ing; therefore, the results -ire not strictly con-parable.

:he final heat-treatments for a second series of snecim-ens from a

thain c:Lrbon (.00)% C) ingot were, however, identical. One sample

was homog;eniz ed for I h-,ours a;t 2100'F and the other received noth-

in:-- but the fi:±ajl nuench ard draw, with the followin;- results:

T.Slbss in) L.S(lbLr fin) R§hc hYA

>t h _-nzea 50,000 30,000 3256

rn')ZIog eiz 5e 4,000 34,000 34 CO

Sice all o'th-er results rresenlted in. Ginlitti'c book:)I were obtaineft

from single test bars, n' no exeletldetails .,re -give-n in

tiis Oc--~e, -it m-.ust be -,.suc.-ed th-t there -%re sinriep test rtsults.

The snifi~tce-.2 bi sdata, is thereforecusonbe

r1h, effect of homog)-,enizing; tine andi tenrrtture f;lr specimens

t,).-er ra.evr cnrfglctir is -,resented in Ta,.ble I.

Sot> :r"UT otf results rerrt-.sents sm-eciriens taker.n fr~z an si'v,-le

cxoti :Tr io c.ifiC.:Lnt trerd ca.n be! nots exceptmosbl n h

t ct ' "f incr(-asir g the tereratuire from 1l4(:' to 13',but the

rit.-bpr'- tvas lt b7-rs used in, this test we's rot stated. This is

e -11" l:.tre effect ,f !,.nmoasi-nization. rtfl orted in a ny te.:p-erature.

rersicr'6r and WhiAte? 0 studyira hoin-oydn:-vndu

cL--xtrifan ,l cast lnc:s , not ed no iolwc.o h t-atic or "in-

rpa ct"' Trpert is In various i~x0-7 is adtei:&per-tures o0,

cct icns tL2 en frur.' silr~cj ca'tinKs. "-ef-i treatment of the

riecticnsfrr etich- Cacsti..g w,,c,. identica-l. L:- rt sa,,lts -tf thesle

in T~le II



Dr-' ita (.r :on'c.:-erA'ation of

:,,r~arc,.-e -me Y. S zi4 ~RA.Ir~

S. hrr.. 77, 000 L._

210C'- 9 hrs. 7cn00

17

210CO%' 29 hrs.

- hr-.. S1,000

2 l.0012_ h rs . so, ox 4

22SCOF 7 hs 73S, 000
+. 13
3:i'er

2 100% 23 hr-,. "-)n ,300

224% 3 hrs. C) 420 2

22 0% C)hrs. r7.,i7

22C%'r 12 hrs. 73,500 54

22r)0%' hrs. 7 -C') 0

21 '0 ,r s. T)00 5
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-xrerimental Treatments of Similar Castings

A few studies have been made using separate but supposedly iden-

ticn! exoerimental castings which ,,ere hono-enized and given simi-

l'.,r subsenutent treatments, tite tensile test bars being taken from
21

corres')ondin, positions in the castings. Using this method, McCoy

found a- elastic limit of 75,000 lbs./so.in. with 461% reduction of

area on a single cast test bloc: of plin carbon (.30%) steel which

was homogenized for 20 hours at 21000F, then nornalized, annealed,

ouenched, and. drawn, while 70,000 elastic limit and 40% reduction

of area were obtained on a sirilar block which was simouly qluenched

22:nd drawn. Reed, Bolott -l.y, and :-urlich cast nine eight-inch cubes

from each of three .30 , carbon heats, two heats being of high chro-

miun-moly (.en~n steel :nd c-,e of a nickel-chroiium-nolybdenu com-

-osltion. The cubes .ere ;'iven hoi'o,>eni7ine- tre&..tr-ents of 9 to 36

hours tt 100, 2000, and 2lO0F. After (-uenchng and temering,

ro difference in tensile properties was found amon: cubes of the

same heat.

Comparisons of ctntrifui<al cu.-stings norm'ilized ft 22001F for

1- hours with similar casting, not normalized have been ma-ide by

Bender1 9 and BirchP5 and are su:marized in Table III. The in-

prove-ent in tensile and Ch'aroy values producad by normalizing is

seen to be small, if it occurs at all. 1eader :...d Parpas later

studied the effect of norrizinr at lower temer tures for shorter

times, with Timilar res-ilts.
' B I ot sk23

Hurlich, iffin, und Bocots1 :y tested two cast plates from

each of three heats of 0.30 carbon, 0.50% molybdenum steels, with S

-7-
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TAB IV

Study of Homogeni~ztion of Cast Plates of

0.30% C Medium Alloy Steels
2 3  0

Heat Temmerature Lbs./so.in. Lbs/sg.in. % ft-lbs.

1 i9oor lOOOO C9,000 22 56

1 1700F .10,000 98,000 20 52 --

2 190 0 F 12r,' 00 103,000 20 56 29

2 l50CF 122,0V0 105,0oc 19 55 30

3 1900OF l.,O00 97,000 22 59 34

3 1650oF 117,000 97,000 23 59 34

6 0

S-9- Si

0 S 0 • 0 0 0 0 0 0 0 0 0 S 0 0 0 0



0 and without nickel, chro:;ium, and ccrorer. O-ie rlote wsnorrnali~ed

for 3 h-urs --A 1900r -in!. the other for )4 hours -A 165OcF 'r 1700'F.

Tile -physical noroperties obtained after the final heat treatm~ent are

sh'jwrn irn Table IV; no differences are evident.0
24 1 ihtobnlxaly ey-oeri.'ental castin,-sWe'-bers , wnrkIrgwihtocmlxl

of similar coi-.qosition, reported considerably h~igher -croperties as

a result of a1 1950OF treatT.,ent than were produced by an h.omogeniza-

tion at 1700'F for a shorter ti.-,e. The c-,stir~s were :made, hlowever,

by diff'erert rianufacturers and were not c1-noa~c-'Qle i:-, --n,- respect

(exce-t fcr c-,m.oositio- arn , final :e1 tr~sat:.nent), T1 e results of

i-.erten2 who robt'iinel c'ata before and ufter ho.:;oo eniaat ion can an

be disre,,z-rded, for th.e -finul t'.erml4 tr~ti.-entS were 'lIfferent in

* the tw, cases.

zmll the relevant inf-.rnaticn., with the s-; e xce'rtior. of Ha--s-

16
kell' s first rei~ort, incic-ates t*,a-t lr,e var-iatior.s in hono;Leniz-

i tijnes .iiter7.-eratures 'i::.ve little, if nOr effect uncr. tensile

rroc:nert ies.

C.- t.Le b ssof thle evidence, thep effect -f thle cm-Ission of

all treat7nents reinryto the 'in:,! heating for uanin:is

stlcertuirly, less tha.n ten i~ercen.,t of the yield strength for

c o'tivxlent reductionr of re.a . It appe-rs thA to deter.ine if the

sn~ldifferences which 1-:.,,e "been renorted actxwilly exist, it will

be necess.ry to, Laxke tests 'mn larf-.e nu. r of spcr sunier

0very ca.refully con~trolledl c1 Xnitifns, .In to subject ti,-e data so

obtaned to th-irouiCh Ftat i. ot ic:Ll anaily-i s.

1h:acrostrict~ire

1:acro structure after ue:,chn.r and Ten?-erijj

±'.any of the irvestigators studie. soeci.;,eni t7oken f'na sinfle

1P lP a



casting. This method is probably better than any of the

others used, but when comparing the macrostructure of such

samples, the variation of composition within one casting

reported by Gray 1must be remembered. Giolittil14 and Has-

17
kell reported that sections of castings homogenized at

about 2200*F for 10 and 12 hours appeared less dendritic @

than sections treated at slightly lower tem'eratures for

the same times or at nearly the same temperature for a

shorter time. Giolitti compared 2% nickel 0.40% carbon @

steel at 2170, 2000, and 19300F wile Haskell~s studies

were restricted to centrifugal castings held at 2200'F for

9 and 12 hours arid 2290cF for 9 hours. S

Ba.ker found little difference in 3au:mann prints atd

in appearance after dpep acid etching among sections of a

centrifugal casting held for various times at 2100, 2200, 0

2240, and 220 0'F. The specimens held for the longer times

at each of these temperatures appear more uniform than the

others t a magnification of 9 dikMeters. 0

20
White, who used sections cut from three siiilar cen-

trifuWjal caotings, reported increasing homogenizing treat-

ments. from 2 hours at 160 0CF to 2 hours tt 2000'F or 16 0

hours -,t l(00oF produced pror-ressively more "breaking up"

of the dendritic structure th.n -- ,eared in a sample uenched

and tempered without prior normali7ing. Specimens held

for lon.,,er times 't 2100, 220r, rnA 23rOF rhoi;d still

more "breaking up" but no trend could be seen a:~ong them.

. . . . .. . . . . . . ... . . . . . . . .. . . . . . . . . . i nl n il 0 n i n



K , h onrl yt .ined a c-.st r-.l te 5 h.ours :t 175, 0

and .-.-,cther 5 hours !at l15 . is photogo raphs show sli--htly

more deniritic striicture in th--e -,)late tre~ated at the loi.,er

tem-rerature buz the etchinq- conditions 'ere not otated.

Reed, 2Swho treated. cubes cut fro-, two -Tio.tes of c--rooie-

molL.bdennmT -vainadi-um *teel. and -ReeO, 13olotshy, and! Hurlich,

v -.o used a sepnarate. cast blso- :ior e, ch fa.pe Thund- no

di-:'1?.rence in. macrostructure asF a resu~t of vLrious home-

nzn treatn-'ents, i- the. ra nre 1500 to 21001F.

Bonckr-inrd :3end-er and £ rn- s Co:'oireid soctions of

sxi'rc~lstin -s and of tho~ s :L Ln c. w]ich 'aid been

6 hor:o,-eniztcd for lo h-ours at 2200'T wi th secticns which had

received no treatiment ivrior to tle riwnc-ir,- ard e'ei;

and rcrTorted they were -Alice in -acrostruct-are. From the

rictiiros presented in one renrtj3 however, thero appears

to bte less sejruCgatior. in % .aonox-enized scotion of one

caotinT, than in section which waLs sinply quoened and

te:.n.ered.

.he data- o:. tie c. i t ct of ' n.ono-en- iir, tre- tnepnts

u7)'on :acro structure of oteal castir._s subsequent to th-1e

Cu-ench-ind-tenmer are contradictory. On the basis o f the

rtecent eintos- it is nrbbysafe

to con.,clu,,de thot .ncre!).e of te:,.-eratnre or tine Thbove a

few >'.rt 20,1O0'. h.as very little eflect deorite the -

-- )site rocsults oba~e.ir earlier l:r y nseland

uirlitti_. It is, :t'e i-asl t.decile I'ro-- thle

ex. Ftin7- data whether h:m;e ir~c- at 2000' F res)1 to i:a



macrostructure different from theft obtained by alower or no0

homo,;,enising7 treatment.

T1- e -i:crostructlire of sections taken from the qEame or sim-

ilar cestinW-s is difficult to interpret because of the variu-

tion of co~l.-iooition within an,, b, t ,Teer the c:astings r the

pooibi&e v_.'i.ftion of1 Cw-Lltine, conritions. 1irthermore, slig-ht

v ~.iztorsin time .neL conditlons of etching- Lnrd, if -, -,hoto-

~:~ais ,u.ecl, in contri-st and. ,:xporrirc, tiric, ma -j -nroduce wide

v -1 --t iocP In '.-1% Lr'nc:. 'r.~~i~0'.rttcno he

A. r-t.11 r b , tha-t, cconsiderin:- the n _ttre. of Uh~ t,,st, thec ef-

f~ct -f -roirztro .,.tnconts o)r. m-, rstructurcz is indcci-

sive, but thcrE n:.y be -)m'e ~rnr ox behn;uol of the

dendritic structulre 1-ith '"icroitsi.j. t --, nft t, e:rcrt-.re.

!icr-structure r.f 0%,otina 17t C aeched ".aci. m-ercd

.7vcr tn u this re-tdJ~rrin .rily with VI,, rosults

Thjnclfrojm -)lc f c ~ivsf 11 -iins oiicnchi n, aind tem-

t-)erin,- i~'~ic'r the fi:.% them-1trecxtr. ents -,f the -snecimon,,

t-' b,- c'amrcd .r,; id~erntic .1, rcni suto bt fi-o.' fr Studio-. ,f

Butlt~r 2h,):. eA7.cs cut f'r-.> c~ ts~< t-

turc-, r<ia t r 1, o u-, t-.j 'v <rit o,

fi'!" .~'ici~ . atc~""," r.Kf 1~'irst br.-

-cn A1 t0 IL .vair,. r-_ .ln vt tes t',a.t 2. .: 'i'ta 1-"'-%i

Fu iil r tr-, n'.s hiut t:-c - . t -. a rhn in;iu. I t -.ubct',.-

-13-



ti -te this st:At :-ret. &s used -L series of experim.-ental

chriunnike1nilb~~enx:steel centrifua-1' c,.stincs co.n-

t-inin[; 0.11,0.03,'..c 0.455 c r-n respEctively. Ash

.. croetcheft the discs i-.;;edL,.tely fo)lncwinc; tre .tnents 'of

v> ri-us times un tr" 110 h-urs .t 1930, 2100, =.,220"i

-.nd :Lfter - subsequaent n-rmn izin,- ant %nnealinI,. He Cnn-

cluLe-! th t c-msi ler'-Lble h--v:.-,,iznti~n w'iLs nocessIry to

ffrurr-)ve .. cr--den,:!ritest" h'-wvor, the e xtrer-e sc:itter -f

his rr;suilts -r his fnilhrc t-) incl'ri-c :7hto..:r-phs in hils

reTnort prrhibit any re-evalu.:.ti-n rr re-interre7 t ti-i rf

his e-_ta. H-.sh e1, 17 hite,2 in,. Reec'., B,1rotsk:-, in, Hur-

22
lich bt A rksulto, -n sn~civer.- whiAch_ were --orei%; ho.-

* nc~~~er.1zef', which fluplic .te their fn.:: fter cuenchinc

.ndl te);lerin.- (see '-o;.e 11.) Th, s-xi ry -f the effect of

hovyenzctin rr ;cr'! struecture riv,:n nn !pr* 12ff. theref.- ro.

suffices fijr i'. cr- structure i'uie*-i.tly f')1owin., t':-.e lrno-

iEicrn ntructuro

S(- -e -f thE irnvesti.; .t-,rs 3,6rf the effect -,f h-.,) -en-

i~ir.- het treftvient up~n the :.Acr-structure rf c-.st stoel

h_ ve use'. s-Eci:;erns wh1-ich receive.' fir.:. %ent-trcitnoints

so, differen~t t'-: .t the structures c'-.n-rct be c-nsi-lere&. cr'.n-

p r-abl(e. Others 2, 14, 13, P0, 22 -vst .e i.irtuc

.f'or nic i-n -n1lr; hcrE-, lt~o, therue is '.- "rubt

* n~7s t- 1 te thre strnctur~ s reflect r'Affcrencos in h-.nwene-

it,,, becmusc v *ri'iti-nrs in -.unternitic --rain size an( in

c-'Jin - r-itc :.yh-ve rec.a1tc! fro.-- t-he sovcril h -~eniz-

in.- te::--Er-:tures. C.rter 9 2?, 3 0 :~lAsh 4 0oti-%e

the effect (f h-m-',eriz_1ti' n -n the rricrostructure '-f

steel subsequen~tly:, -. ~i20 ,o* an4 Lrne .led.
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This review of the effect of h ogeni zation on the -Acro-

structure )f ctst steel m.,ust be limited to thiat obtained

after nuencl.ing and temlpering, sirnce the preoent re-port

deals with material used in this condlition.

Giolitti 14presents photomiicrogra-phs of srecimens

,o'oenized at 100O 2000, and 2170OF and then auenched p

and tempered. Zhe samples, which were etcheft in hot, dJi-

lute sulfuric acid, relief -polish.ed, and re-etched with

so lution of nitric acid in anyl alco'hol, app~ear similar.

C ..r ter found tha,.t treatments for C to l"S hours at 1Z00

and lS'20 0 F did. not affect eouiaxeft denlrites, as shown by

nital and by copp~er chloride etch., biit di1d prcduce sliCghtp

"dCifferencEs" in coluinar d.endrites as- compared with sec-

tions from the sume casting; treated at lower tem-.peratures

f,-r shorter ti:;es. Zxami.ni1ng- similar izoduction castings, S

7 ,6,31, 2
Carter noted less severe O.endlritic seg7reration,

with nital etch, in a czasting homor.enized 28 M~urs at

210 0 F than in, one homog-'enized 22 ho,,urs. 0

17
It was further. r8cported by 'Haskell tha--t the dendri-

tic segre,_ation bronrlit out by nita). etch,-ing dlecreased as

the tmer'iricreased. 1.s!kell etched. discs, ho)nogen-

izel at different tern-,era'tures, in c-D7--er chloride etch-

in re. -ent, adthe l"denlritic sp re.,7ation"l arreareft to

be mo st in the si eoir.-;en treated at thk, hi.rhezt te:.vrerature. S

Thin rhenor.eron :,e calls lraversinn to the c:,st state."1

Uj-r. ocr ch'id -. utinn, Bxl-er"' cornfir:-.ed the re-

sults of Carter in th.!at inrcreasir.,g time anneared. tn decreaise

S 5 0 0 0 0 5 0 0 0 0 0 0 0 0



the seeregation and found no reversion, nor could he specifY

any? c orsistent variation in amount of segregation with hom-o-

genizing, teim'erature. Usoing nital etch he not only could

discovtr no tren-d but notedl little difference "between sn)eci-

mnens va:.riously treated.

Contraryr to the previous investigators Reed, in study-

in homo-genization of cubes cut from a single fitrepnorted

th~t the dtegree of diffusion aperdto i-.ncrcEae sorewhat

with incrt&-sing tenpwerature when the specimens were eiven a

sin';Ie .ir quench anvl temper. Samples which wore given a

d-ruble air m.',ench, how~ever, r-fieoterl no diff~rence correla-

ted with the te:n -Pr:ature of treatnEnt. Furthermoire, R~eed,

who errvloyed both nital an,!. co'po-nr chlIoride etching solutions,

fo)und no effect o" ti-n-e at temipratulre in any car-e. Bender

obt-..ied conflictinJ results in comTp'-ri- -C casting7s nornali7.ed

and not norraliz7ed; in one case th-e treatment P~ad no irnflu-

ence nn microstructure, and in :.nother3 rreater diffusio~n

was r ro.in the norrma-L14-ed c-astings. neowevor, scveral of

the micro-nlitogra 'hs which.- w.ere presented mt-.7 be In-tellprerted

so as tD contraciict th T atter c-)nclusio'n. Oth-er investig-

tos22 r7 e o effect of hoayiaintenneratt-,re onr speci-

-t.-ns etchedi in ni tal while still inother 20 -.rt Itren

towird decre-sing u&r- to s t'he tim.-e and tenaortture of

tr tent are increased, usln,-- 16;h nita-l aJ i nie

27
rp.:.-ento, an. tl-(e res,).Itc of i.thi-rd survoy a re indecisive.

Hiirlich, Rfi,.nd ,9rAts!.y2 c )r..rcd csi

frr..a e.ach- of three he;atsl, .omlzlfor v~~stimies Lnd



tt:71cr.t.ture s; they etchecl thie s-..ecimens in copper chilorile,

rnitA, ferricy-,nide, ai., nita2. plus picral. The results so

contradict each other that it may be concluded that no def-

inite differences resulted from the various treatments. Con-

firmin; this variation in 8.7pearance with different etching,

reaw_-ents, Reed and Eurlich3 3 attemiyted to classifyl three

rolled p-lates of simiilar composition on the 'basis of "-eg-

re,2-.tion" as revealed by five etching re-a ;ents, and rated

tlbeh in four different orders. Si.nce there is do.uot as to

the siignificance of the itructiu'es brou' ht o)ut b,- the var-

busetcinrreaents and discordance c f the results, the

correlation, if any, of t:-e nilcros 07- data With homogeniz-

atioii treatmerit is -virtua-llY imossible.

Sewregat i of

Two t 7ef of chemica]. seire&Ltion M-Ly 'be of importance

in steel ctmp~ Th6 first is intcrdendritic soi.rea-

tion, hihresults in cheic2.ml inhomo;,enities over dis-

tances oa. a fraction of -An inch. The other m:ybe ca-lled

t 'larLescale se,7regation, 1' arnd refers to diffLerencos in

con-)osition betw;een voli.nzes scver--l inches Ipart, such as

the to-c. -inc t~it I-ttom of -_n inw-ot, or the ocntc r :-nd the

outsile of i centrifuC.a l castiaic. Bnti v:-.r-' ties of sg

ret,.,tior : "ite ecause t"he la-;t rietnl to s iiy(inter-

dendritic mteriail, to-) of I. at, c .ntr of c,: -t rifu-1

C:a tin -,) -is riche:r in cu-.rbo-. rnd othcr cITcrcrnts thm-.-n thA

whtich .ioliifios Earlier (,.7ndrites, b(.ttccin of ~.zou',-

side of contrifufl - tnz ,an there '-as Ibeon i:.ter tA



in alimination of both byhomog--ni7!in- heat-treatments.

However, since the scale of the two is different, it may

be ex7pectea that they will 'be dif-ferently affected by such

tre-Aments.

Thc effect of homogenizing heat-treatment uo--on ceg-

ro,--tion in steel castings ma.? be calculated from i:neas-

ured diffUsio. rates, provided certain sim~nlifyin.- a-ssur-

tions a:re made. Consider a case in which th-e concentra-

tion Lraciint occurs in one direction only, and initially

(a-t time t = 0) decreases exponentiallyr with x, wh ar e

c = concentration incroment (actual concetrati.on m~inus

a consta nt "background concentritiolr.") n x =dista1nce S

_,on the 'radient from the -point of -:axi um concentra-

t i- n. it will also be !2ss'rnei that c 0 :-.s x -- 1

for all v-alues of t. These should be reasonable first0

%- i mA ions for 1.Aerdonkiritic ser~tic-, where there

is .narrow interdendritic region of hiCh concetraLtion

and a wider volum~e -. ithi-n tho dendrites of lower and rola-

tively constant concentrat ion. The7- should alofit lre

sc>esc-rrgAior. of the,_. t7,-e found in centrifugal cal-t-

* igswhere the onentration of sevcral elc,.ents increaises

rel-ativel-Y raipidly, near th-e inner su.rfacej"

37,3,39In thiis ca-.se orly half the distribution 1will be

* used since x =0 at the in-ner surface, but this will not-

afCfect th-e result.

F.r,r,- 1'ickls, Lni ra,.y be derived, the Lereral diffusion

eanatior.,

d1c =D d 2c

lx*



Assivur.i th-t D is indenendent of c, eoauation (1) my

be s'lved using the boundary conditions mentioned in the

preceding paragraph, giving:

2

x
hDt + Xo2

C xo e (2)C 0=

,,i/4t + x0 
2

Here co  will equal the initial concentration increment

at the maximum and xo will be the value of x at which

.. 1 o (3)
e

thus being a measur of the width of the segregate zone.

From equation (1), it will be found that the time for the

conrcrtration increment c at x = 0 to fall to half its

initial value will be

2t I = 3!L, (4)

4 D

This m- ' be c."led the "half-homogeni'~tion tire."

'RAeliable duta for the rate of diffusion of crbon in

a..stcrite as a function of tem.rature havwe been nublishad

recently by F,ce and Hauttnanr, by Wells and. Mehl,

by Ha,-, PLar,.e, and. Hcr7i , their rosulto ;a-re in truibstan-

tial a:reem~nt. The values obt-ained. by Wells and Ci'1l
show th.t for a first a .r intion D may be considered

ince., endent of c; they al-,o .31how tha t the effects of gr'ain

size, of t.e isaal i-:.urities, of o rn erntcnt, of man-

g:.rese up to 21d, and .f nic1-,el uo to 2 are ne,7liible.

U-19
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Hcm, Parke, and Herzig demonstrated that the effect of molybdenum •

is slig;ht. 'To data ap ear to be available as to the effects of

chromium or of vanadium, but theY are probably small. It, there-

fore, appears justifiable to use D = 14.5 x 10-7 cm 2/sec. at •

2200cF, as given by Wells and Mehl's results for.0.30% carbon and

-7 2
D = 1.2 Y 10 cm /sec. at 1'50'F, obtained by a sli.,ht extrapo,

lation frn. their figures.

Substitutin,7 these values in equation (4), and choosing var-

ious values for xo , there is obtained for the half-homogeni f-

tion tinie tI  of carbon in _Austenite:

xo 1(cm) le-4  10 - 2  lo-1 00 11

t, ct ! 5o0 F 6 x o-2 sec. 10 hi. .5 -r. 67 d,-ys 19 yr.

t, at 2200CF 5 x 10 3 sec. 50 sec. !1 hr. G days 2 yr.

Thus, notinr that 2x mi.7 be considered th "width" of the high

carbon zone .rnd that l650OF is the quenching temprerture and 2200'F

the homo.:enizin,- tempnert ure which have been used for low carbon •

steel centrifual cv.tinrs (see -ppendix A), it is evident that

curbcon inhomoeneities of the size of pearlite L-nellue (xo=lC 4 CM)

will di-:me.r in a fraction of a second :.t the Ouenching temper- 0

' ture. On the other hand, c..rbon differei:cts between the inner

.nd outer surf:,ces of -. centrif;al ctsting (xo = 101 cm) will

*ersist for 7e.rs even 'it the homogenirinc ter.>r:ature of 2200'?.

20, 17, 3
-or interdtndritic seL::reg-tcs, which h..ve a width of the

order of 1/8" to 1" at -.- :,7nific-.tion of 10. dim" "e.tr (x,=l0-
2 cm),

the c7.rbon cortzrt will be enu..i.I ''ithin .n hoir . the ouench-

The onli: .. m,.%ilble d,',.ta -.n the diffusion r-. of

:;n.nese in, :ustente ' ,'r to b the routh deti.r.,int.tion of

-20-



Pasch,7e -id 1 .futtm..nr. (loc. cit.), who found it to about

1/100 the (extripolatei ra_ te Ir c-:zbon -at 20 0 F. There is,

however, no vnay of extra--ol:.ting their mang-rnese rate to

lower ererteswith-out further d: ta. The best that can

be cioa'. is t,.- assume th..t it remains of the order of 1/100O

the cirbon rate. Thnis would moan th-A the half -h-omogeniza-

tionr time for interdenkdritic segregation of nrgns

2
(X0  10 cm) 't 1"5 0'7 would be perhaps 10 to 20 houirs

anoI at 22001F would be -),, or two ho-urs. On this bao?'is,

the usual hold ,-t the nuernchirv- ttmneratuare wruld reduce

the mar. 7:4aes, so rEfpt-tion s~mewha t :-ft v. homogerti7Aig treat-

in' of I6 hours at 220n0 F would. pro)d-cc sli:ostantiall-y corn-

le!,te cno of i:-terdardritic m&ae segrec.'tion.

.4
3 r~lcyHaywood., Cooper, a-d 1W.atts (whose- work has,

"oowaver been critieiC17: by 'tyellS :and ,"ehQ$ have deternmined

diffuoionl rates for IphosTh)rus and sulfur in austenite.

The(,; re')ortod the pho)sphorus ra~te to be of the order of 1/100

atrd h sulfur rate 1/1000 the carbon, which eaot.-at Tph(s-

p'.orus scgrte ation will !be dlecreased at aibout the, rate de-

scribed above for man'-anese, while irterdendritie so,,,rega-

tIonr, f sualfur will :-iot be arnreni:.bly zffecteda b,, he0moten-

iz .g treatments. (Of croursc tle, s Iubility- cf i. lfur in

aflst-:nite is vkurj ', l

0 ...- ere ap:mears t,; be no inforrn,tion avaii.'ble or. tho dif-

fis-,o r.,tes o-f %alloyint elem~ents or si~icrn in~ 'ustenite;

the.ir -rc: r f -.a,-r~tude will -robably n-t differ g;reatly from

that forr.ngrse S

-21-
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Thus 4' is clear that the large-scale segregation from

center to outside of a centrifugal casting will not be reduced

by homogenization. This is confirmed by segregation analysis

studies by Butler, by Haskell,
17 by Sloan,5 and by Gray,12 who

found. the only effect of homogenizing treatments to be decar-

burization at the inside and outside surfaces. Interdendri-

tic segregation of sulfur will not be affected by homogeniz-

ing. It appears possible that homogenizing treatments will

remove interdendritic segregation of manganese, phosphorus,

silicon, and alloying elements, while the usual quenching tem-

peratures and times will not. However, the data on these ele-

ments are so scanty that it is also possible th-at an- or all

will either be eliminated b- quenching treatment or not be

appreciably affected by homogenizing treatment.

Lustrous Cavities

"Lustrous cavities" are a phenomenon which has been fre-

quently reported in centrifugal steel castings. They have

,46
beer. found on macro-etched surfaces, under the microscope

17 18,20,47,4s S
and on fracture surfaces. In tensile test bars

they appear to be associated with lowered values for elonga-

tion and reduction of area.20 The frequency of occurrence

0 ~46 61
has been found to rise with the carbon content of the steel.

Donald is apparently the only investigator to study the

effect of homogenizing upon the occurrence of lustrous cavi-

ties. He reviewed Ipproximately 50 production centrifugal

castings, somk: of which were normalized 71 hours at 2100'F

and others 4 hours at 1740CF, and -t first stated 4 50 that

-22-
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t l :-ihor nrrm~ilzirg tre, tjA )r,)duced fewer lustrous cay- 0

ities.L~t51 h~ '-d concluded that the decrtease in

c.1 ei-sed~c c"-.-nCe irn .ourirz: ract ice (use of

a n'lE -;.twhich va -,-..e :.t the £ie time ais t'.e in-0

creoe r. urmlizn~te-Torature, "4n rot b~the 1_tter. This

is in .c~ with the e~l;ainof the fo)rmation )f lustrnuc

ca';itiles :ie by Reed ant 'by Pc)rtevin, (i.e., the c:avi-

ties ~.c":nicro-!ipeos" ca.used byinterderdritic s1hrirkage of

s&i~fyrgste el) , ind withZ Pc)rtevin' n zt Lte.-.ent tha t they

C:--- be elimina-ted by nrorer foundry practice.

" I"-o r

It ar'petrs toce -,widoly 1,eld tit a ca~nsgtreA-

r.ent is ,-,,cesoary to cbt:.An satis-factor"- b-Alistic -_rc )erties

In cast ?r: r rate, .t leat wher. hiFh:ly Allo;.ec steel is

used. A~ liter .tuare se!:ro:hxs awvr f~iiled tc rcvea l ex-

-~ricntl wrk ron this ji.,_ttcr with twro exce'ti ns:

studied i )ur c:-st lvts two 1.07"1 thic'.- and

two .011 thick, fr-mF nha of 0.4005 c-rb-n, 1-15% chromi'i'n,

~ :i:-cri2T-, 0.l Cad-mntel re of elc'l tViCkress

wo:ra_..ii->'d 5 -ours "A 1750'P, th e thrtlS 0 F. Nn'

si(lcn ifference ir. resistarnce tO TenetrAior. was f -,;Xd,

~4ieted. the %-:i'air. otles frta):efr the 'oal1is-

t ic 1 1it:

:hi;<~.s e.imerature 2IrdaSS 1 -im t .)

1.07" lE2Y 420 2-90
1.0 r7 1.75Co :_730

* l~r ~ ",20 V10200
175Q 0 Y)O20



4S
The 1.071 plate homogenized at 17'50 0F failed in btdlistic

shock test, but KilberE attribu~tes this to its excessive

F ~hardness and not to the homogenizing- treatment.

Hurlich, 2iffin, and::,olots'Ty 23 toktwo -otates from

each of three heats of low carbon low alloy steel, one bheing,

rf the manganese-molybdenum type, one molybdenum.-nickel-chrom-

iurn, ai~d one molybenu -m-nickrel-chromium-copprer. One plate

from, each heat was honogenized for S holirs at 1900'F and the

other )4 hours at l65O00 or 1700r-F. The two were then given

the s-ae final he--t treatment ard subJected to 'ballistic pcne-

tration, shock, and. proj act 4le-thro-awh-olate tests; theyr be-

hiaved simil.tLrly in -all ca ,ses. The nenutr. 'tion values were:

homgeizi. rinell 'Bllistic

Heat Temperature TIhi ckcne ss H: .rd.ess I imiV _Ft /sec)

A 100C0OF 2.05"1 229 17)40
A 1700c 2.00 223 170-0

319000 2.1)4 277 2020
BlOo2. 11 2'_9 191c:

IV 19000 2- 22 2111 13)40
Ol)5(0o 2.23 2)4r 1)90

Prcjtctiles

Th_'ere seem to b'e no d..-ta avilabl e concerninr.. the ef-

fe~ct of homogenizing herat--treAment u-non the ballistic prop-

erties -%f cLast steel armo--iercinr nrro jectilt:s.

.arden.YD- 1 t.

StuftiEs of th:-e eff(cct of hooenzn:e--tro-itrents

ul'.on the 11:rdenabillty of c~tste-el h mve bieen ret ) y0

vb t.rs andc by, Hirlich, R"Iffin, and B_'olotshy. Iveb1er-,' woriz,

howcver, cannot be con-sijdered. si-.nificanrt ''seof his ex-

-pcniaentail errors, r.ention:ed on page 16. -1,. lat-. of Furli-.h,S

Rif fin, "t.' olots!:y3 2 shojw no inreci:.'ble d1ffe'ronce in Joriin.-

-24-



hardenability curvtes between cast plattes homogenized 9 hours

LA 19000 and 4 hours at 1650'F or at 1700'". They compoared

two plates from each of three heats of 0-30% C medium 1lloY

steel.

Loca-jl Y,.rdness

Butler made a Vickers hardness survey of cast steel

before and ifter homogenization in an attempt to find out

whethe.,r such treatment imnoroved the unifornity of the mate;-

rial. He reported that it did, but hIis dat'a hiardly substan-

ti--ite this occnclusion, ir-1 since th-e fin--l. ccn(ditins were

not crblit does ncot a-Lreir ti-,at his results n~eed ',e

20
considered. White used the 'Knoop La_,r1_ncss toster to sixr-

ve~y riktrial h.)mo ,,Pnized, auercheft, a.,nd tem-ered anrl material

quenched and tempered with out 1h-mc genization. he found some-

vihat less sore-_ad of hardness in the sample which was not ho-

mo~p>-nizedi. However, since he used separate castings for the

two ccrditions, this m-ay. not be significant.

.rc s icr

There has been soirie theorizirei -aS to( th1 .e effect Of

hcur-.rog-enizatic,r. u-)on the erojsisn cha_'rateristics -f ca.st -uns.

This S AiT-s to have jriser. ' )Ecaue of a rentark of Ri.tchtle S

who n'ti ! .c. n vesti _iticn which' 114d Sh.own th- t ino,-e-sir-C

tlhe cautof hot w'k civen, to forreAl guns decreascd their

ero sinn. Iie stated t*WA. this r.-ight b , attri ute:' t-) th^eS

b re 2:n u'u f sf-Lre' ations 'ii nom ted tha t it wo10ul0 "e

interestin:- to -observe the rcsist..nce t, ero)sior offered by

-25-



centrifugallyr cast =uns. no wev.er, it arrenrs tha.-t no ex-ceri-

mental wo.rk, has been done In the effect of omo:eni zation upon

ero-sio-n resist..nce. S

Aliterature scare>- has failed to (icccan,.; investi-

g,-tioao. o-f the influence of hLmogenizing- treAments upon the3

corrosi;.A -.f quenched- Lr(- t c,-.rnered. c-.st steel.

Harich, Riffin, -ri Bolotsk-2 .. ade two-bec-d weldahtil-~S

ity tests onr c.astir s fr( 2-. three meats Of C.30e c.ar":-o e:-tA

trea ,ted allo.7 steel, cvn:tarinig sanplco- ho:mogonized. S or at

19000?- with others h,mo -cnized )4 hours --t 16500 Drl00 F

Thle sca-tter of. the x-ilaes they,. obtained. is, ho-wev-er, so g rea t

that it is not t,;sil.tr-arw any conclusions from. them.

XR'Diffraction Data 0a

2>repor)rts !dealing_- with th.-e effect 'if::mo-en izing' treat-

m:ents u-pon the x-ray diffra.,ction p-Atern afcucc-ndt:-

rnerel,' stEel castin'-.s hi -ve been fou,)nd.
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A PP E 1, D IX A

HISTORY OF TH-z H11EAT TREALIENT AlTD CO'I'PO5IT"IC-7 OF CEITTRIFUGAL
GUN I AT1G AT WAT7RjOWV, ARSENJAL

Thie first few centrifugal castings made at Wnttertown

Arsenal, in 1025, Were of a plain carbon steel. Alloy

additions of manganese, molybdenum, chromium, and of nickel

wei-e soon tried, hlowever. The heat treatment generally

coiisistect of a. normalize at 1560 0 - 17400 F, an anneal at

about 15500 F followed by rough-machining, a water cuench S

from 156300 - 1C650 0 F, and a temrer- at 1070 0 - l250O0 F. The

tiite ut eac - ter-e-,,ature vrr%.u 2 t-, 6 ho,-urs; the cf stinb-s

ro iqge6 ro 75 mm ,u., to 15.5 m:-vi> r Trainsverse -physical

properties obtain-ed were Fxrooime-tely 65000 lbs/sq. in.

yield s~e~h(0.01-% set) 2 .d 4515 rec uction of ireo.37

Thie earliest atteia-pt at a h-omogenizing treatment vwasS

wft on cstrC M.3,wch vwas normalized for 4 hours

r t "he i.Liher temno-errt' re of 1830 F in an un1-successful

ateaotto "brea-k un" thei( c6eotri tlc structure show.-n by

37ma- c ro-c alin3.

Toe conoosition firs-t staond;7rOcized se-ems to hoive been

C.30 - Cl.401-C, 0.50.-.80% Tn, 0.20-0.405 Si, 0.25-0.351 1.o,

.-. t-tre!oteC; witil tle 1740~ F normalize,anclquch

-)d temp,,er mc'n-tione-d albove, mco .,-ev rrimrily for 37 mm

annd 75 ,,m infa-ntry mortarc. 11, J

Pr.m,,um-bl:: :-s a result of Les tert .1 findiing tha,.-t

0.10% vainradium refined the r Iaof t: teel aF c-mt, tiis
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elc!tie-t v-s audded in ]'>30. :Iu s, for c-s'ti-nds 's 5-i

fa vrr i -Ly o f n:urs i. ic -u d in! 7f --n 7 mra:Ivi.e7 n 3U A. A.

liners), nde in 1flStecomoocition C :q4Q, n 0. 70c,)

Si 0. 25", 'To 0.0,-,*, V 0 .101" woos zuoer'-lly used, -with I- heat-

tr-,ntment consistinE, of 1740~ F no~rr.lize, 1560~ anneiol,

15SO00 F :ac'quenchi, Eand 1l2900 F te.-moer with- furn,-.ce cool.

.xiis..ve a yield stren,-tn of 65-7,500.0 nsi writh 4.c155'

reductio)n of are. . ' 38,

In 1.932 r. T.criod of eprmnaini ettctnn

ben.Arpcorently :- s a r, sult of Giolit-Li 's recomm zendAtions i

(made ini 1931), high-temn)eraturo long-tino-r Ioo nii

tIre-tm-,ent s were trie6i, tosecther -'it']_ r Variety of comonlex

-nrocccdur~s ros-,ioly sugg-estead by t' rcccfor 's-ur forgins

in n oecedins ,r:-r F or o -r)Ie, the following tre tncn t

v.2con-sidere- for 311 A. A. JIi-irs;

21000 F 28 h-ouro a ir -c l
1740' 9 hours -~-cool
1,560 F 0 hiours air-cool

_f c hi ;- c!

100 F 2hus w ~e r-o o
1 7 00 F F0 hocurs f 1 rn r c - co ol

1l1lOc 5' 9 ho, ,u r s wTt cr- c ol1
137 001 F 6&L h-ours f urn'-cc-cool

e: re the £1000 F ho;.,oenizato wr-snoetorov ncic

eocrctio, ncc~ceof :'1hic'i woe s.,teJi to be doesireable in

occrto roducr er~osioii 'nd obojjn'iuo yi rronertioes.

oere irit, idcd to reix tc -rin. (I 'stcot tt so v.erv

Cycles of slow :eir2 ridcoitihroughI the critical.
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rainge vrere required for E0mmi Pefine ment.) The 1200 0 F

temper wa s pro sumobly g-iven in or.5er to increase machine-

!-bility anA to remove stresses which might cause distortion

during mpachininE. (This teinrer andJ t'he preceding 15600

normalize wrere often replaced by an annenl.) The double

quench-and-t emper was suEggested beca-use it ha~d been found

to iv yc hi~ler strength than the first qluench-and-temper

a-lone (which, it should be noted, Involved a lower auench-

inS temperature and longer temper tha-n did. the second quench-

and-temper). In ad(ditio, there vwasq to be the ori,inrl

coolina in -,hes of the castingi~ w.-er first removed from th.,e

mold, and finali,-d.1kr~I( utofrettrge) of the he..at-

trea:ted gun, follcvreo. by a "soa'k" at 5700 F to strr-4ghten th-e

streso- strain cur-':e ercao.uced by "coldi- orking". The ash-

coc,)lins .!-'s been stpandar. sin-ce chill -iolds 1.ere fadopted a-fter

1ule firs, fo'.- castings .c' ~nd the "so:,k" h,-s alwIays been

usud on "cold-wrkoed" ,-.uns. F3, 37

In this period. Carter ', 29'3 found tha two -production

cpstiniCs ho~tii,enized 20 riours at 2 100,0 F ciis-nlpayed less

denaritic struncture under t~ae microscon)e, rfter normlizingr

an~ nuuln thaL-n did one held ,22 hourc a1t the s-.me temrer-

ratu re, (Othier reporto by Carter 7,8shlow, Ices dendritic

rt-tcture with 22 hours tas 0, u-. sinco. these ppers dealt

wisoth-er subjects no note -,-s t,,Ieii cf, tl.Ls fact.)

Haskell concluded fromn his exnerimenteU'l '-or1k tlza

nnezi tre'AtMeCnt of 6 hours at l35 0~ F produced i-iFher
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tensile propertie-s thian 5 hours at 1740 0 F. (This Is the

only paper in which a definite effect upon physical

properties after quenching and tem-nering has been found;

see page 10. From other dat,- wvhich ,-ore much less decisive

HaSkell concluded that vanadium additions strengthened the

catns. Butler 2inferred on the basis of a macro and

icrostructlure study-7 of an as-homogenized casting that

"12-3 hours is apparently the minimum time at C2100' F), to

be employed", while Con-,ier and Qalvert 11reviewed

prod.uction Euns (see comments op.1 PaV", 3 ) a~nd recor:rnended

the use of 0.10% V and the follo-~ing hoat-troettment for all

ca'stincgs:

21000 F 25 hcuz' air-cool
17400 F 9 h1ours a.ir-cool
1-5600 F hourEs furnaoc-cool.

1610-l6500 F ~tcr- cu erch
12(00 0F rnc-Dl

T .1.; cti- ir slisgh-tly from the treatment which ha~d

become stand~ard ill 19,3 in thant the latter C~mployed an

air cool from the 1560 0 treatment, follo-ed by a. 5 hour

temi' at 12000 F. After thc 'publicaticn of Conner and

Calvert's paper in 1l34, however, their recommends-tions

were adoopted, xita the homogeizn tiUicoce o2

7.ouls and thetrrorngtmcrtr to 1270 0 F. Thi

nrocccdure wsuscd until l~8for ~"A.A. lin.ers and tubes

Iand 75 rt pc. ho,,itzers hi werc required to have

,_,000 lb/qrz -il et -t -nd~ 30"' eduction, of -ren,

minr-nbef-.:c col4d-,,hi, : 17, P3, X3 5S

J



For several mon*,c, in l.-i,£owve(r, productioni

ScoYnfillcd to 1. 1" a::1 ~' for -!hichi 95,000 lbs/sq. in.

yield strcn,,th 50d 30' rectuction of vc- e.e sDCcif ie. To

'~rwcic hc i ncre-'l ced srethin th s uns, thI'e molvbc-'enum

vnneiu. conoito u ndf. t.nr.ril~y by taeiw IW

ma .eeto 0 .5 -q l0 , hile theo temre- rin .eneetr

-,s low...ered to 12C00 0F. Aop,,-rentlv, or -cocount of the srl

set7ielon of tu ustehmenii time .,s reaucect

to & .cr(at f ir st t l9',0? later at 21 0  iv(lya

2)0 0 F) ndthe oraii ac neigtim'.es deoesi~d

zCo 5 .i -urs.

1 n: h 0  1 a~ri. ~ tal..rork on cnd

re--c-noc-do tc o o f r t. i.o incnf 2.25 I'm

cu i c.- ro oj n~o blow C'3 i to reducc lustrous

CV~t'>;( ren 22 t .Ths 0san 60'1e, cut tao ero

Of t>..: c-.ecrc ;enmosition vms lov.!cred tc C)20 -0.5

for 75 mm : na o sta . rised, for

j ;'Ort W:Ilu to 0.50 - I . 10.

ske1117and Ier1 r-enorteci in l')37 thent the,-re is

re n c e. j.1. c i ni.eo o% ru ctuirc ,-mcrostructure, or

- UV ... . .L. . . .UC.! ers f t r (j U C'- C

C0
C i . ickoea ed12hori2*Q 'thoe Fcc

iour tregtment r" s, h rr tc (1rt 11" CI'oer to recue

f-r,!-.a tim I j P2 R e rj Crrtor .

eXt-crLi2>:-tc botait scticv-, frc--m o'n entrifuga1 casting



a~did A P<i c r c) n'rodcti. cxc.-x n effort to

fl~x out.'eti r thie 17400 Fncwliy''th150F

r~'e1cold1. beomitd Tn~ 1'0'~~tt tese treot-

oor cm., r'ctr of t;iepin o rccmw'de d th1,t Lte

17410 F 'ormrtlize be omnitted; tie I" o -ore shorly tere-

ftc -r Reedoani Crte: fu' 7  thc. I-n could; not be

omittoc.l whc -- i orU siiv acce't c' cuocr-zcz u tm'1'

benu- or cll U n': intj G U n r.- t± . o m -cli ini

br:o 1a tel fo. so L c. s 7w~"ij1 etmC t teo toTI-

(1 u< ce c a. r-r ' ~ Rrid founa,

t: 7 n-

j iz -i' cu7  r n

6 '-u1'rsx{ rve I'm - 1J-' trnrh- o , )f0

c~ ~ 505 1 a'F 57 -- '~ 7c 'o
1' F.,,,urs u - c;: (fo r '

CC C (tOitfor 1.1"1, 37 f.1 ord .qn

03 1 '0O l ssq i. n lrin 112K.,>: L7.1 ''' 11
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Iri lg957-[& on .rtuciy by _Re~id confirmed the

enli rfidi.of Connur C1that lovrerinj the carbon fro~m

0. 305 - b - loi; 0.CO% co'-. cideraibly reduce:d. thr nu.mier of

lu--trous crvities (s, -e prv'e 22 ).0.15-0.20%, cn7rbori wrns,

t:::refi'I C~~nc Iee wi t:1 nn '-C di ion of 0. D0-1 .101112

C~io~i~min ordeCr tc b~~~ethet losr- of s-'ath ' h

~"LJd thewicoccur. 00 Thu is, 1'rc 1050 to 1042 thec

com~oitonu.-ed wnos: 5)5

iu. Si pS Cr 1,o1 V

.60~0 .15 .25 / .02JI Tr o0- 1.. 10,. ,55

Thle caio-l c-.A -,t w!_ C !'ise' in 19Y9 to 0.18-0.225 for the

* 65,000CI 7incl c'±lk i-~ uns .0-.5 for th aon

r quir' i ~r>ve 2500 bS/5u.i- * aaiziim yield. strength

e .unu ~ iv~ t-,, commosition wr s

*c: _n- 'd iir Cr'.obcr I C-! to:

C TrSi C . V

Forl si 1 ur j u r (37 mm. n6. -40 Cu).505 chromium vn

Pfime 0f . ' Q in L-rger ns(1-05 'loi-itzur and 00 e

juL) C.70/1' c. romiu.*2 d c ni r e 'J. Ti±- cr rllcc contentl ix'rs

rait o o C5o o- - croun of 7 1..rfl 'unc for w;:licll FC.

miimmyil srnohof 12,0 1-/qi. :sncscrib-

* 0

*0 0 0 0 0 0 0 0 0 0 0 0 0 0
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